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This resort presents the results of an investigation of the eero- 
dynavic characteristics of the SACL symmetrical laminar flow 65,1=-012 
airfoil. The model was tosted with and without e dive recovery flap. 
The effects obteined by suddenly extending the flap are compared to 
those obtained with the flap set down in position. The tests cover a 
range of angle of attack from zero to plus three degrees while the 
ach number was varied from 0.5 to 0.8. 

The following conclusions were reached: 

l. The lift curve for the airfoil with no flep is essentially a 
straight line. 

2c. A flap suddenly extonded produces aerodynamic effects which 
are different from those produced by a flap which is set. “henever 
medel test results are to be used to produce design information to be 
incorporatedc in full scale aircraft, the dive recovery flaps on the 
model should be equivalent to those on the full scale airplane in 
recarc to dimensional proportions and to the method and timing of 
oneration, if a hich degree of accuracy is desired, 

This invostigation was carried out by the authors at the Gugfen- 
heim Acroneutical Laboratory of the California Institute of Technology 


curine the school year 194f=46, 
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GS recveahgular seclion d@mstream of the tec= auciiba, hese Sets 
Gischarge into a comstait area mixing section wyich is followed, oy 
and.eoppnaing #ecction exheaustiny into tme vol. levion system of tis 
Duilding. "Ae maximuri preseure of 100) /in* Wilc& the comiprecsors 
ean deliver ligitss the speec of the bumnel Ys 2 Mach aunder of 0,37 


with 22 vogel inetél bed. ne 8 of @ roiwekuiy cOhtrollety, glectricai, 
by-pass vaive affords 2 weans for obteinime omy de.irod Bech number 
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The vest section 15 20 if. in Leach dna reebeaalar in cross 
eéctio.. 0.9 ih. wide, 10.0 in. high at Che @4triance 1.0 in. wid; 
W.0 in. high at the exit. This teaver i1 #icth is necessary to allow 
for bounter, lay®r growth. the toB anc botten wells ere nade fron 
moohinec Driss eMen cO..teinibe 25 stetic groet22 orifices. Theee 
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Qnc thé chird at 45e cnord, *hé Tlao on cach of the cvepe@ models is 
3dohiticnl, 44 axtends tho width of the Monel and the Tlap chort is 
10.0f the RhrPoil chord. kL the eftwa€et (popae%) vosition Be Pio 


1&6 deflected 46 deovrecs from the centerline of the airfoil, <i the 
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*h@ Mote] if slp vorted at the 25™ chord point i the center of 
tie test section Sy a through shaft which is ricidly fixed to the air 
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Shaft #xtonds Hoult: small brass trunmiois inserted in holes drilled 
in the plaSs plates. Uasketés on tke sillés of the model srovide 


Snuz rit witn the glass plates and heln to unifornly distribute the 
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Mic Se thé PiRity ObtweEn mirror, GNert, 4n@ airfoil, a ciewee 
of dh@le of @theek of tF6 airfoil broWices & corres otliim Oieilar 
deri@ertizyn of 25 “trror etd comsmypadstly a cltiiee in che re?vleéted 
portion of te emelis of attack cealy as s68n throucvh the théodolitve. 

Sy this svste® a cManze in anele of abtenk Qa could be Meter hed 
Fo an acmeicy of 9,00 of a céerae, 

“The static oressure orifices i+ the ton an? bottom walls were 
eonnécted to a convantional closed syetev nultiple tube néhonetér 
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@ scale was constructed so that --ach number could be read directly 
from this manometer. 

Visual studies of the various flow conditions and the pnotogravhic 
prints in the back of this report were made vossibdle through the use 
of conventional schlieren apvaratus, (see Fig. 4), An incandescent 
light source employing & projection type bulb was used for visual 
observe<io6. - high intensity spark civing an cxposure time of the 


as & ss 
order of 107° seconds was used for photographic surposes. 
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trie ag, 44 
(see MULT se ane "THON TON), 

-ve rafis necesserv te connile the date on the offects of the 
suddéa oxtension of tne dive recovery flap wers then underteken. The 
first model (i.e. flap at 157 chord) wes set at —— of atvaeck 
of sero dewrees anc two sets of runs were made svarious Vech numbers 
fron. * = 0.5 up to &@ value of Mach nuiaber at Which the tunz#l be- 
came cleus’. ithe first set of runs wes wade poping the Plan; the 
second set made leaving the flan extende® ané then bringin the tunnel 
un to the dosired sneed, 

In the first cese, the tunnsl] wes brought uo to sv@ed With the 
flen rotracted. Ths flap was then »oved ana the @ech number recortod 
after the Clow had become steudy. ince the free stream bach number 
fecreasei after poppinr the flav, the mlue of the Fach number after 
the flan wes conved was the r©quired value. ‘then to fet comparative 
results, the secon set af runs with flep extended wes made at the 
samo -ach numbers as were obtained after conning in the firct ses of 
rvs. 

ic sane ocrocedure wes roeneate3 for cach model at three anples 
of attucs d2atwetn O cerree and +3 derrees, 

-ctlioren protographs were taken on all ruas in order to obtain 
quslitetiwr results in cosp@ring the effocte of the sudden emtaéasion 
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was the 14°% coefficient of tie airfoil model. the values of the lift 


coeffictent with no flan and with varihus flap conditions were deterrnined 
fro corrected test date and oclottec afainst angle of attack and Mach 
number, See :ie. &€ to ll inclusive. Tic. 12 was cunbtructed by teak lng 


crit, 2% cach angie of attack and at various flap locations 


(fron Fic. 9 - ll inelusive), ‘Then theso values were plotted 
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fined as the maximum 11ft coefficient obtainable for a piven an le of 


ettack with incroasing YVach numbor. ‘ig. 15 was obtained by taking 


the mean cdiffercice between C, || » flaps popped and G » flaps 
crit. ertt. 
set, thus a AC. was obtained, waevre AAC, = (co, ) = 
“Crit, Yorit. crit DOppea 
ee a A was then plotted acsainst flap position in 
crit, se€t ors 


percent of chord. The schlieren viotovranhs teken were crouped 
accordinre to chordwise flav location, see ric, 164 ~ 16 inclusive, 
Since tnis investifation covers essentially two onroblews, the 
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about -0.5 deprees, see fig. 8. “e mow from two dimensional airfoil 
theory and teste thet the lift curve et low angles of attack is essen-= 
tielly a straicht line at low “ach numbers. --lso it intersects the 
gero lift axis at a z2cro lift angle cevxendiac on the basic desien of 
the airvoil. ‘ince the model used here is sywetrical, enc wes 
machins’ to very close tolerances (+ 08 inch)» we imow that the 
angle of zgero lift is zero degrees. fThus,y the CG VS. © qurve must 
pass throush the orivin, Sence it is concluced that the authors 
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procedure was followed in the oresent investigation and pave very 
good res lts. Instead of follow ns the above nrocedure, the authors 
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Of R6>. 1 corrected their anglo of attack values by comparing their 
exmvrinenteal Lift curves with theoreticel lift curves, They attributed 
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thas tue Lift nersured is sabject to sewwral wind tunnel effects 
wi ¢) reduce che lift coefficibnt by a considerable degree. «li these 
e°“focts wore collected and -eluss ecomased for this particular w1d 


cunpel, seo fef, 2, ‘Bhen these corrections are annolied to the Ecst 


cava thie reeults egres very well with theoretical values exvected 


In eiscissines «he rusults of ? 


Ci 


he ~rimary problem, namely, the 
erfects oF the sudden extoneton of the dive reeovery flap, certain 
pervinent facts can be vointed sut by an ex@rination of the erpirimental 
curves oottined (“is, Q-13 inclusive), 4 consideration of figs. 9-11 
Shows Wat for the Play at LON cherd loeation the maximun lift coeffix 


n@s, 1. Cm 4... 9 or the curves or flap popped lie 
ory, 


clients reac 


id 


ebove troge for the curves of flep get. ‘or the 30% chord loeation 
Of tive [1M py, CRS C, r values of the curves for flap popped are 
Ort 


OC GhbESisteayly moove or o¢low the values for flap wet. AT Bhe 


fen chore locetion of tio flap the velues of C) v for flap popped 
cra 





14, 


lie bOlow those for flap set iL: every case. ‘the fact ime tne effects 
of the flap popped @s conpared to fla» set changed in chtracter as 
the flad was moved aft is not considered % indicate that the tests 
gave inconsistent results, ‘father, it shows that the results obtained 
fron such an aerodynaric dovice depend on voth the method of oncration 
of the device and tne caifiruration or orovortio ws of the tost model. 
41] the curves for a riven flap location appear to have aodout 
tho sarc cheracteristic shape above a Lach number of 0.5, I1t is 
believec that the points above - = 0.6 are nore accurate because the 
reacires of the multiple tube mercury manometer at these Mach nunbers 
are sudject to a smailer percentage of error because of the fproater 
oressure differences. 
in the ficures ciscussed above (Figs. 9-11), the iach number 


corresponding to & enosears to decreaso with increasing angle of 


Craw 
attack, 


An examination of Sig. 12 shows that C, incrsases for both 


crit 
the popred and sst confitions as the flap is moved eft. At each flap 


$3 


4 


‘ is fairly oonstent with chanme in angle of attsek, © con- 
Crate 


Sidératiax? or the change of clone of the curves Wit! increasing a@agle 
G@: Aatenck miicates that the curves may anrroach @ zero slove at Sea 
engle of attack avove three cerrees. 
frome “ie. 15 it is evittent trat A Cy chanres sim as the 
Crit 
Trap 16 Moved ufts end that the curwe of JG G nasses through 


orit 
Eero et A file> petitien of Goout COB ahord. 





‘. oonsideration of the schlicren >.Lotogranhs, sigs. 1415 in-~ 
clusive, shows thet in general there is no apereciable difference in 
flow pattern ond shock weve fornations votween flan set anc popped 
et the various chord locatiors. The only anrarent difference in shock 
formation is seen in rig. 14 at a biach number of about 0,71. On the 
mocel with vie flap set down e& medium sized turbulent shock is located 
on the upper surface at about SE, of chord. Un the model with flap 
popvec a smaller shocx in the same position as above is observed, and 
in acdition severel laninar shock waves ere secn which are nowt dise 
cerpabld on the model with flan set. sn “ig. 12 with the flep get 
cown al a “ach number of 0.26 a small shock is observed on the upver 
Surfece necr the loac.ng edve. Thus the flow nas elready reached the 
critical mech aumber,. «s the Bach canna hicreascs the suporsoinic 
Zoe iiucreases in extent, anc more laminar shocks become visible. 


$te@ tach nuniber of 0.71 a turbulent shock is observed at about 55% 


Jomparison of the model with the flan at 350)2 chord to that with 
the flan at 15> chord, at a Mach aumber of 0.56, shows that the laminar 
shock formation in the oase of tho $0. chord location is more exten= 
Sive, end shocks nave apparently increased in strength, as the #ach 
number 18 increased the extent of lavinar shocks grows more racilily 


Gaen it did on th® nodel ‘with tie flwo at TS) chord,sand a turbulent 


Shock becomes visible at a Maoh number of 0. €0é, 





fa the “OWE? wit fe Clop LeGetcd at ie shord OF8 shoak walve 
iormehitm @ncd Siow a.t8erce erst éssbltisily Une Same 06 thos on 


the #cdS) wit the fFleo loce*ef at 30 Ghorc, with the followity 


~ > a : - : y - = = ~ i a . & 7 Aa les q 
OR CONN MRS. nese noel witli tho ClieSs locateg wl 4h— ckerc tint aio 

: ® - . .* rT 7 ei r. ~ - 
LOPMERAM] If rrokhger; are Bf entéio5? 2 Maer witos fas oyperrob, at 


2 9. Ge wif 42 © = O71S, waeh.d&@ wot anpe@r in the case of she 


| ewll¥etigon. oi td Pictures |-i-. 1f-16 incl.) shows that tie 
erceay MOVGAF tnd Oe Sree We to JOR chor £8 woe then, Che Brigeey 
OF wfoteie The Clap Prar. SO to 45- chord. 46 a Back Guvbtr of QO) B42 


Cees Seal Pee tho FCliadh lochtc BE SD orc Riere 16 VETO 2 
AED Were: Ser mar shock wrici: (3s also visiblé With sli®M@bly in- 

* ¢ ss 7% oat ° 
Gwhec |? SUTEReeh on tht nol! wit tee fiss et Se Mart, 


¢ , of . 
i OR ev ell @isibid bn the novel wi’ Ere flep Bt Lee aiers, We 


& Sec). nurber of 0.008% stréne thrbviént shocks cf apvroxisititely owed 
Stremalbk are obs@rved o2 dolll the model with thé flep BY SOm @ord 


Sead viet wie the flan ab GH cherd,s bie tot of tR6 meccel Gith the 
Flap at lhe chord, Albeo, the supersonic sohe 18 more éxltnsive om 
Un@ movicls with flacs loented &t the BOR and 47% ctord posittibas hah 
16 5 oh th8 Godel with the Plap located *t 15m cfferc. 

40 bhock waves ars .bedrved o1 the lower sur’ace of the model 
for Soy tebt Gandition. This ihtichte& thes the Plow oft tho lower 
Sur’ ece r®m@&ané! subsonic for the fl@p either Soponeé or set dow at 
any of the turme chord locét'ows sevted, 

c is coasiderec that tie nict res made with tho flap suddenly 


extenced represent the flow conditiois after they have becone steacr, 





dite 


since the avurarse interval of time between the popping of the flap 
end the taking of the picture was of the order of 15 seconds, The 
flow conditions for the flap sot down are considered to be stable as 
the sveed was built up from sero to & 7iven Mach number with the flap 


fixed in position. 








ie, 


| be 
Ww eat we bss LCne 


aay ee of 





th an accurate angle of attack measuring tystem the Lift 


fete 


av 
veete of che syaectricwl airroil mocei with No flap gave B Straight 
lind 1if% curve ut low angles of attack. 

Ze tie Va résults Bwew that the aerodynamic effeeus of @ 


Pla@o pooped, or suddenly extended, as compared to a flap thav 16 sét 


2 Wosition are different li: the transonic rango. fhe flep popped 


$e 


© 


he 15 chore lo 


(? 
cr 
ct 


ection pave aosroximately 8.0% higher lift than the 
flan set. ‘6 the 30° chord location there was no distinguishabdlo 
difference, *% the 45° cllord locatioa the vopped flap pave asoroxi- 
mately 3.02 less lift than did the set flan. 
re ind tunnel test modéls which employ dive recovery Clans 
S60 i1 DOSivion end Which ar® used to extend test values to full scale 
cive misleading res..lts. .shenevor model test rosults aro 
vO bo used to produce desiga information to be incorvorated in full 
Scale aircraft, tne dive recovery flaps on the modei snould be equie 
walent to trivse om tho full seale airplane not only as to dimensional 
Oroportions bul fTilso a& to m@thod and ciminys of ovcerétion, if & high 
demrpe of accuracy it desired. 

4, The exvension uf a aive recovery flap on an eirfoil iacreases 
tne circulation ane tierefore the lift and the peak of the vressureé 


Gistribution e@irve, Hence, the critical “ach awroer is lowered. 
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in order to verify and further extand the results obtained in 


this investiration, a more detailed study should be made of tho 


effects on the flow conditions resulting from the flap being set and 


popped at one chord location. If this is done, tho following svecific 


recormendations arc made: 


(a) A study of the boundary layer by means of schlieren pictures 


(d) 


(c) 


and a wake survey should furnish additional information of 
value, 

it is recomended that the height of the multinole tube 
manometer be increased to allow for large and rapid pressure 
varietions which occur when a device such as a dive recovery 
flep is suddenly extended. This chance would permit tho 

use of a liquid with a specific gravity of 2.0 or less 
throughout the entire range of an investigation, thereby 
providinre increased accuracy. 

The mschanieal difficulties encountered and suggested ime 


provements in equioment which are civen in Ref. 2 aoply 


~ 


elso to this investigation, 
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Fig. 1 


Wind Tunnel 








Flap retracted 





Flap extended 


Fig. 2 


Model of NACA Airfoil 65, 1-Ol2 
Equipped with Dive Recovery Flap 
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Flaps Yet 


Flaps Popped , Flaps Popped 


Fig. 14 


Flap Location - 15% Chord 
a = 3° 

















Flaps Set Flaps Set 


Flaps Pooped ——-. Flaps Popped 


Fig. 15 


Flap Location at 30% Chord 
a = 3° 




















Flaps Set = Flaps Set 


Flaps Popped Flaps Popped 


Beals 


Flap Location at 45% Chord 
a = 3° 
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| An investigation of the 
effects of the sudden extension of the 
sy? dive-recovery flap on the aero- lap 
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= a sjmmetrical airfoil in two dimen- 
sional flow 





